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ABSTRACT 



A catalyst composition for the hydrodesulfurization of 
a hydrocarbon oil, comprising a composite of metal 
oxides comprising: 
aluminum; and 

at least one metal selected from a group consisting of 

(A) at least one metal belonging to Group VIB of the 
Periodic Table; and 

(B) at least one the metal belonging to Group VIII of 
the Periodic Table; 

" where the at least one metal belonging to Group VIB 
of the Periodic Table accounts for, in terms of as 
oxide, from 10 to 60% by weight with respect to the 
total catalyst, and the at least one metal belonging to 
Group VIII of the Periodic Table accounts for, in 
terms of oxide, from 3 to 20% by weight with respect 
to the total catalyst; and a process for producing a 
catalyst composition for the hydrodesulfurization of a 
hydrocarbon oil comprising a composite of a metal 
oxide containing aluminum, at least one metal belong- 
ing to Group VIB of the Periodic Table, and at least 
one metal belonging to Group VIII of the Periodic 
Table, which comprises: 

drying and thereafter calcining an effective component 
obtained by mixing in a solvent, an aluminum alkox- 
ide or a chelate compound of aluminum, or a mixture 
thereof, with at least one of 

(A) at least one compound of a metal belonging to 
Group VIB of the Periodic Table, and 

(B) at least one compound of a metal belonging to 
Group VIII of the Periodic Table. 

26 Claims, 1 Drawing Sheet 
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possible to incorporate an excessive amount of the cata- 
CATALYST COMPOSITION FOR lytically active metals in the carrier, there then arises 

HYDRODESULFURIZATION OF another problem concerning the specific surface area of 

HYDROCARBON OIL AND PROCESS FOR the catalyst. That is, increasing the amount of the cata- 

PRODUCING THE SAME 5 lytically active metals in the carrier reversely reduces 

the specific surface area of the catalyst which, as a 
FIELD OF THE INVENTION result, inevitably sets a limit on the improvement in the 

The present invention relates to a novel hydrodesul- desulfurizing activity of the catalyst. More specifically, 
furization catalyst composition particularly improved in despite the fact that it has been reported that a earner 
desulfurizing activity and to a process for producing the 10 may carry a relatively large amount of an active metal, 
saine the practical content was confined to the range of from 

about 5 to about 8% by weight in the case of CoO, and 
BACKGROUND OF THE INVENTION from about 19 t0 about 20% bv wcight for Mo o 3 . 

Hydrocarbon oil generally contains sulfur com- With respect to a desulfurization process using a 

pounds. When the hydrocarbon oil is used as a fuel, 15 conventional catalyst, for example, catalytic hydrode- 

sulfur incorporated therein in the sulfur compounds is sulfurization of a gas oil containing 1.3% by weight of 

converted into sulfur oxides and is discharged into the sulfur carried out at a liquid hourly space velocity of 4 

atmosphere. Accordingly, it is preferred that such hy- hr -1 , at a reaction temperature of 350* C, and under a 

drocarbon oil have as low as possible a sulfur content reaction pressure of 35 kg/cm 2 , this process yields an oil 

from the viewpoint of avoiding air pollution upon com- 20 where the sulfur content has been reduced to the range 

bustion. This can be achieved by subjecting the hydro- ' 0 f from about 0.13 to about 0.19% by weight at best. In 

carbon oil to a catalytic hydrodesulfurization process an another example, i.e., in the case of a vacuum gas oil 

(HDP). (VGO) initially containing 2.50% by weight of sulfur, 

Since environmental pollution problems such as acid catalytic hydrodesulfurization at a liquid hourly space 

rain and nitrogen oxides (NO x ) are of great concern 25 velocity Q f 0 4 j^-i^ at a reaction temperature of 350* 

world-wide, the removal of sulfur components from oil c and undcr a rcact j 0 n pressure of 52 kg/cm 2 , yields a 

at the present technological level seems still insufficient. VGO oiI the sulfur contcnt 0 f wn i c h is reduced only to 

It is, in fact, possible to further reduce the sulfur content an insu fli c ient degree, with a limit being in the range of 

of hydrocarbon oil to some extent by operating the f rom about 0.15 to about 0.18% by weight. As a further 

aforementioned HDP under more severe conditions, for 30 e ^ ft ^ Cfude obuined from a crudc 0 y with 

example, by controlling the LHSV, temperature and a y%% . w . ht sulfuf coment mms imo a product 

pressure. HDP under such severe condrtions, however, whefe ^ {s feul thfi same is 

produces carbonaceous deports on the surface of the tQ of frQm abQUt Q 9 w about l Q % by 

catalyst, which, in turn, cause an abrupt drop m cata^st d h after catalytic hydrodesulfurization at a liquid 

activity. The matter is even worse with a hydrocarbon 35 * * J ' _ . _ or , • ^ J* 

. r , . . . . tar^o „„*.j hourly space velocity of 1.0 hr _1 , at a reaction temper a- 

oil which contains a light fraction, since HDP operated *%c** r* i a r,fi«;n 

.... t_ ri-n r ture of 361 C, and under a reaction pressure of 13U 

under severe conditions has a harmful influence, for * U1 J 2 ' Y 

example, on the color hue stability and storage stability kg ; cm " . . , 4 . ... . 

of the oil. It can be seen that operational improvement ^ 10 morC «^lyabuin without operat ng 

is only effective to a certain exTent, and more drastic 40 the HDP under severe operaUng condmon, a gas oil the 
measures are needed to develop a catalyst which is * ulfur «> ntcnt ° f wluc*» reduced to the range of from 
considerably increased in catalyst activity. -bout 0.05 to about 0.08% by weight, and, similarly a 

Hydrodesulfurization catalysts were conventionally VGO and a topped crude which are reduced in sulfur 
produced by methods such as the so-called "impregna- content in the range of from about 0.08 to about 0.10% 
tion process", which comprises impregnating a carrier 45 and from about 0.6 to about 0.8% respectivelyjf this 
with an aqueous solution having dissolved therein a salt would be possible; not only would the process become 
of a metal belonging to Group VIII of the Periodic hi^V advantageous in economy from the viewpoint of 
Table (sometimes referred to simply as "Group VIII prolonging the life of the catalyst, but also the resulting 
metal", hereinafter, and the same for one belonging to <>U products would be effective m avoiding air pollu- 
the Group VIB of the Periodic Table) and a salt of a 50 *>° n - , . 

Group VIB meul, and, after drying, calcining the met- An object of the present invention is to develop a 
al-impregnated carrier; the "coprecipitation process" catalyst capable of containing a large amount of active 
which comprises adding an aqueous solution of a salt of metals yet which maintains a relatively high surface 
a Group VIB metal and an aqueous solution of a salt of area, and which exhibits an extremely high desulfuriza- 
a Group VIII metal into an aqueous solution having 55 tion activity under ordinary operating conditions such 
dispersed therein alumina or a gel thereof to effect co- that processing under severe conditions can be avoided, 
precipitation of a metal compound; and the "kneading Another object of the present invention is to provide 
process" which comprises kneading under heating a a fuel oil from which the discharge of sulfur compounds 
paste mixture composed of alumina or a gel thereof, an at the time of combustion of the fuel oil is reduced to a 
aqueous solution containing a salt of a Group VIB 60 level as low as possible, to thereby avoid air pollution, 
metal, and an aqueous solution containing a salt of a SUMMARY OF THE INVENTION 

Group VIII metal, to remove water therefrom. For 

reference, see Ozalci, ed., Shokubai Chouse i Kagaku The present inventors, after conducting extensive 
(Catalyst Preparation Chemistry), pp. 250 to 252, pub- studies to overcome the aforementioned problems, have 
Hshed by Kodansha Scientific. 65 successfully developed a composite catalyst comprising 

None of the aforementioned methods, however, are meul oxides of aluminum, a Group VIII metal, and a 
suitable for uniformly dispersing , a relatively large Group VIB metal, which is different in structure from 
amount of metal compounds on the carrier. While it is conventional catalysts and which, accordingly, can 
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carry the metals of Group VIII and Group VIB at remaining one component, (a) or (b), to the calcined 

considerably larger quantities as compared with con- effective component, so that the last component (a) or 

ventional hydrodesulfurization catalysts. Since the cata- (b) may be carried on the calcined effective component, 

lyst according to the present invention is a composite of A v , . _.^ X7 „ TO - ~ D A 

metal oxides completely difTerent in structure as com- 5 BRIEF EXPLANATION OF THE DRAWING 

pared with those of conventional catalysts, it contains jj,e FIGURE shows the change with operation du- 

metals at a high content and yet it has a relatively high ration in the residual sulfur content of an oil subjected 

surface area (about 100 to about 400 mV g). Thus, the t0 a hydrodesulfurization test, using catalysts according 

technology according to the present invention enables tQ the present invention A, B, and C (Test Nos. 1, 2, and 

desulfuriration of a hydrocarbon oil to a high degree, 10 3 respectively) and a comparative catalyst T (Test No. 

and, further advantageously, provides a catalyst with a g . 
longer life than conventional HDP catalysts. 

That is, in summary, the first embodiment of the DETAILED DESCRIPTION OF THE 

present invention provides a catalyst composition for INVENTION 

the hydrodesulfurization of hydrocarbon oil compris- 15 producing the hydrodesulfurization 

mg a composite of metal oxides comprising: aluminum; P P * * mbodiinent of the 

and at least one metal selected from a group conning .^.^ ^ fa desulfurizing) hydrocarbon 

(A) at least one of the metals belonging to Group VIB oil is now explained. 

of the Periodic Table; and 20 Second Embodiment of the Invention 

(B) at least one of the metals belonging to Group VIII 

of the Periodic Table; Tne hydrodesulfurization catalyst according to the 

where the metal(s) belonging to Group VIB of the first embodiment for use in desulfurizing hydrocarbon 
Periodic Table accounts for, in terms of oxide(s), from oil can be produced by a process which comprises dry- 
10 to 60% by weight with respect to the total catalyst, 25 ing and thereafter calcining an effective component (a 
the metal(s) belonging to the Group VIII of the Peri- precipitate) obtained by mixing in a solvent, (a) at least 
odic Table accounts for, in terms of as oxide(s), from 3 a compound of a Group VIB metal, (b) at least a com- 
to 20% by weight with respect to the total catalyst, and, pound of a Group VIII metal, and (c) an aluminum 
aluminum accounts for, in terms of oxide(s), from 87 to alkoxide or a chelate compound of aluminum, or a mix- 
20% by weight with respect to the total catalyst. 30 ture thereof, and the resulting catalyst composition 

The catalyst composition of the first embodiment can comprises a composite of metal oxides comprising at 
be produced by a process which comprises drying and Jeast one of the meta i s belonging to Group VIB of the 
calcining an effective component obtained by mixing in p cr iodic Table, at least one of the metals belonging to 
a solvent (c) an aluminum alkoxide, a chelate compound Q vin Qf the Pcriodic Tabk) aluminum. The 
of aluminum or a mixture thereof, with at least one of 35 ^ of ^ aforemcntioned compone nts (a), (b), 

< a) at ^ °™ C °^ nd T ° f K1 a m f^nK (c) preferably is carried out by mixing two or three 

Group VIB of the Periodic Table, md 00 * least one ^ £ £ con one Qf tWQ of 

P™^ b a ^ the^mponents, in a manner described Selow as meth- 

The prc4s e for producing the catalyst composition is 40 beta "A" to "D". The compounds (a) or (b) may be of 

explained hereinafter as the second embodiment and the any type so long as they are soluble in the solvent 

third embodiment of the invention. (water or an organic solvent) used m the preparanon of 

The second embodiment of the present invention the starting solutions. The term soluble means a state 

provides a process for producing a catalyst composition where a homogenus solution is formed under normal 

for hydrodesulfurization of a hydrocarbon oil compris- 45 temperature and normal pressure, The component (c), 

ing a composite of a metal oxide comprising aluminum, an aluminum alkoxide, a chelate compound of alumi- 

a metal belonging to Group VIB of the Periodic Table, num or a mixture thereof, is soluble in an organic sol- 

and a metal belonging to Group VIII of the Periodic vent. But this component (c) is insoluble in water or in 

Table, which comprises: a mixed solution thereof with an organic solvent (more 

drying and thereafter calcining an effective compo- 50 specifically, a mixed solution containing an organic 

nent (a precipitate) obtained by mixing in a solvent, (a) solvent and water at an organic solvent/water ratio of 

at least one compound of a Group VIB metal, (b) at mQre lhan q/j t0 about 10/1). The term insoluble means 

least one compound of a Group VIII metal, and (c) an a sme which ^ mso i u bl e under normal temperature and 

aluminum alkoxide or a chelate compound of alumi- n0 nnal pressure. 

num, or a mixture thereof. 55 Thc catalyst accorc jing to the present invention may 

The third embodiment of the present mvention pro- d ses M follows: 

vides a process for producing a hydrodesulfurization * _ r 

catalyst composition for a hydrocarbon oil comprising a * Process A 

composite composed of a metal o«de comprising alumi- components (c) and (b) above, and an 

num, a metal belonging to Group VIB of the Periodic 60 *" \' , / ^ „ rtmr _ 
Table, and a metal belonging to Group VIII of the organic solvent capable of d.s giving 
Periodic Table, which comprises: ™«> are m1 *^ and stirred at abou \° to abo * 3 °° 
mixing first in a solvent (c) an aluminum alkoxide or C. for about 10 minutes to about 1 hour to thereby 
a chelate compound of aluminum or a mixture thereof obtain a homogeneous solution. To the resulting solu- 
with either (a) at least one compound of a Group VIB 65 tion there is then added an aqueous solution of the corn- 
metal or (b) at least one compound of a Group VIII ponent (a) above, and the effective component (the 
metal; drying and calcining the effective component precipitate) resulting from this mixture is dried, and 
(the precipitate) resulting therefrom; and adding the calcined. 
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ate), and aluminum bis-(ethyl-acetoacetate)mono(acet- 
ProccssB yl-acetonate). 
A mixture of components (c) and (a) above, and an The metal belonging to Group VIB of the Periodic 
organic solvent capable of dissolving those components Table for use in the present invention includes enro- 
are mixed and stirred at about 20* to about 300' C for 5 mium, molybdenum, and tungsten, and preferred 
about 10 minutes to about 1 hour to thereby obtain a among them are molybdenum and tungsten, 
homogeneous solution. To the resulting solution there is The metal belonging to Group VIII of the Periodic 
then added an aqueous solution of the component (b) Table for use in the present invention includes iron, 
above, and the effective component (the precipitate) cobalt, nickel, ruthenium, rhodium, palladium, osmium, 
resulting from this mixture is dried, and calcined. 10 iridium, and platinum but preferred among them are 

cobalt and nickel which belong to the iron group. 
Process C The Group VIB metal compound and the Group 

Component (c) and an organic solvent capable of VIII metal compound should be soluble in the organic 
dissolving component (c) are mixed and stirred at about folvent or ,n the water 7* "J » ^ ? 

20' to about 300- C. for about 20 minutes to about 1 »' "vent.on are or sample. ^"w, ch °nd«^ sulfa tes 
t. 1 acetates, acetvlacetonates, and ammonium salts 01 tne 

hour to thereby obtam a homogeous solut,on. S acids thereof. The ammonium salts include, for 

To the resulting so utton there .s then added a mix- « Znmowm molybdate, ammonium tungstate, 

ture of aqueous solutions each containing components ""'^ ^ J 

(a) and (b), and the effective component (the i p«dpi- ^ fm ^ fa {hc (c) com . 

tate) resulung from this mixture is dned, and calcined. ^ ^ VJB ^ and/Qr GfOUp vm 

Process D metal is essential for preparing a homogeneous solution 

, , w . , a ( \ 1 j of the components above or for smoothly carrying out 

A mixture of components (c) (b), and (a) above, and ^ fU »£ t lation step or the likc> As such organic 

an organic solvent capable of dissolving those compo- ^ solventSj ^ may ^ used ai co hols, ethers, ketones, 

nents are mixed and stirred at about 20 to 300 C for ^ aromatic ou compounds . Specifically preferred 

about 10 minutes to about 1 hour to thereby obtain a m thcm ^ acctonc> methanol, ethanol, n- 

homogeneous solution. To the resulting solution there is propanolj iso-propanol, n-butanol, iso-butanol, hexanol, 

then added water, and the effective component (the ^ to luenc, xy ] C ne, diethyl ether, tetrahydrofu- 

precipitate) resulting from this mixture is dned, and 3Q ran> and ^ioxane, which may be used either singly or as 

calcined. Water may be used at an appropriate amount a m j xture thereof. 

sufficient to hydrolyze component (c). j hc mixe( j solution, i.e., the solution which contains 

An aluminum alkoxide or a chelate compound of morc thaJ) one component, for use in Processes A to D 

aluminum is used as the essential component in the described above comprises as components (c) an alumi- 

processes according to the present invention, and it may 35 num ^oxide or a chelate compound of aluminum, (a) a 

partly be substituted by at least one of the alkoxides and Group VIB metal, or (b) a Group VIII metal, and an 

chelate compounds of silicon, titanium, zirconium, bo- organic solvent capable of dissolving the components 

ron, gallium, magnesium, and hafnium. The chelate ^ t0 (c), in an amount (in terms of oxides and given by 

compounds have 7 to 20 carbon atoms. The alkoxide weight, unless otherwise indicated) as described below 

compounds include, for example, Ti iso-propoxide, Zr +q according to each of the processes A and B: 

iso-propoxide, etc. The amount of substitution may be i n process A, the mixed solution comprises from 

arbitrarily selected, but a preferred amount is, in terms about 50 to about 98% of the component (c) and from 

of oxides, from 5 to 10 parts by weight (hereinafter the a t>out 50 to about 2% of the component (b)> but pre- 

same, unless otherwise indicated) of at least one of the ferred is the mixed solution which comprises from 

alkoxides and chelate compounds of silicon, titanium, 45 about 60 to about 80% of component (c) and from about 

zirconium, boron, gallium, ■ magnesium, and hafnium, 40 to about 20% of component (b). 

with respect to the whole amount of alkoxide(s) or \ n Process B, the mixed solution comprises from 

chelate compound(s) present, wherein the aluminum about 32 to about 96% of the component (c) and from 

alkoxide or the chelate compound of aluminum ac- about 68 to about 4% of the component (a), but pre- 
counts for from 90 to 95 parts with respect to the whole 50 ferred is the solution which comprises from about 40 to 

amount. about 80% of component (c) and from about 60 to about 

Any alkoxide may be used for the aluminum alkoxide 20% of component (b). In Process C, the component (c) 

of the present invention, but preferred from the view of i$ about 20 to about 87 wt% in terms of dry basis. In 

ease of drying are those having from 1 to 5 carbon Process D, the mixing ratio of the components (a), (b), 
atoms in the alkoxyl group thereof, and specifically 55 and (c) is (a) about 10 to about 60 wt%, (b) about 3 to 

there can be mentioned aluminum methoxide, aluminum 20wt%, and (c) about 87 to about 20 wt% in terms of 

ethoxide, aluminum isopropoxide, aluminum n-butox- dry basis. 

ide, and aluminum sec-butoxide. The aluminum alkox- The organic solvent in those processes may be used at 

ide for use in the present invention may be such com- an appropriate amount sufficient to dissolve the compo- 
mercially available, or may be such prepared by the 60 ncnt (c) and the component (a) or (b). There is no par- 

Ziegler process. ticular restriction concerning the method for mixing the 

As a substitute for the aluminum alkoxide, there may aforementioned components, and those commonly used 

be used chelate compounds of aluminum, either singly are practiced. Mixing is conducted until a homogeneous 

or as a mixture thereof with aluminum alkoxides. The solution is obtained. In general, the mixing is carried out 
chelate compounds of aluminum for use in the present 65 at from about 20* to about 300* C, more preferably, at 

invention include those commercially available, such as from about 50' to about 200* C, for a duration of from 

aluminum ethylacetoacetatediisopropylate, aluminum about ten-and-several minutes to about 1 hour to obtain 

acetoacetatedibutoxide, aluminum tris-(acetylaceton- a homogeneous solution as desired. 



02/28/2002, EAST Version: 1.02.0008 



5,182,250 

7 8 

In the Processes A to D according to the present solution(s) or water set forth above, and a slurry results 
invention, to the solution which contains more than one as the stirring is continued. The effective component 
component (simply referred to as "organic solvent mix- (the precipitate) may be extracted with any of the 
ture'\ hereinafter) comprising an organic solvent hav- known methods, such as a method for obtaining a dry 
ing dissolved therein the component (c) is added an 5 gel, which comprises removing the solvent using a ro- 
aqueous solution (simply referred to as "aqueous solu- tary evaporator under reduced pressure and in the tem- 
tion*\ hereinafter) containing a compound of the re- perature range of from about 50* to about 200° C; and 
maining component, or water to thereby obtain a mixed a method of simply filtering the mixture with a paper 
slurry comprising components (a), (b), (c), and a sol- ^j ter t0 separate the effective component, 
vent. In Process D according to the present invention, 10 dry gel wmc h ( if necessary, is calcined in the 

to the organic solvent mixture having dissolved therein temperature range of from about 200* to about 800* C. 
the components (a), (b), and (c) is added water, to for a duration of from about 1 to about 24 hours in air, . 
thereby obtain a mixed slurry. In both of Processes A, m6 further activated by a sulfurization treatment, if 
B, and D, preferred as the organic solvent solution of 6tsircd or necessary, in the temperature range of from 
the compound of the Group VIB metal is that obtained 15 abQut 15Q . tQ abQut 7£X) . c ^ ^fun^tion treatment 
by dissolving, for example, molybdenum oxide acetyl- mdudes> for example, gas sulfurization by H 2 S, liquid 
acetonate, and as the organic solvent solution of the suJfuri2ation b LG 0, etc., and hydrogen. More specific 
compound of the Group VIII metal is that obtained by the sulfurization is conductcd by 5%H 2 S and 

dissolving for example, cobalt acetylacetonate. > ^ t 70Q . c for 2 houfS under 

Preferred as the aqueous solution of the Group VIB 20 , Mcd abovC( which 

metal compound are those obUined by dissolving, for ~™ / a calcmmg 7 nd g /or ^ activat ion treatment 
example, ammomum paramolybdate, ammonium bi- ™ y ™* b / d aboy fa f hen subjccted to rcaction . 
chromate, or ammonium para-tungstate into ion- UCSW1UCU 1 J 
exchanged water. Third Embodiment of the Invention 

Preferred as the aqueous solution of the Group VIII 25 • . 

metal compound are those obtained by dissolving, for The hydrodesulfunzation c^lyst for hydrocarbon 
example, cobalt nitrate hexahydrate, cobalt chloride oil according to the first embodiment of the present 
hexahydrate, nickel nitrate hexahydrate, or nickel chlo- invention may be produced by a process accordmgto 
ride hexahydrate in ion-exchanged water. the third embodiment of the present invention. The 

The aqueous solution or water in each of the Pro- 30 process according to the third embodiment of the pres- 
cesses A to D preferably is gradually mixed with the ent invention comprises: 

organic solvent mixture, and more preferably, is mixed first drying and calcining an effective component (a 
by dropping. If the mixing is instantaneous, the reaction precipitate) obtained by mixing (c) an aluminum alkox- 
will be insufficiently effected such that the catalyst ide or a chelate compound of aluminum with an organic 
resulting therefrom would be an unfavorable one, in 35 solvent capable of dissolving the component (c), and (a) 
which the metal oxides are non-uniformly distributed. at least one compound of a Group VIB metal; and then 
The mixing is conducted in the temperature range of adding to the calcined effective component, (b) at least 
from about 20* to about 300* C, and preferably, in the a compound of a Group VIII metal, whereafter the 
range of from about 50° to about 200* C. for about 10 resulting product is again subjected to drying and cal- 
minutes to several days. In Processes A to P, the 40 cm j n g to obtain a calcined effective component carry- 
amount of the component (a) is, as expressed by the m g thereon the component (b); the process according to 
amount of the Group VIB metal compound(s) in terms tnc tn j rd embodiment of the invention further compris- 
of oxide(s), about 1.0 to 7.0 times, and preferably about mg tnc samt process as above, where the component (b) 
2,0 to 4.0 times the amount of the Group VIII metal. above is replaced by component (a), and vice versa, i.e., 
The concentration of the aqueous solution may be used 45 a com po ncn t (c)/component (b) combination is dried 
at an appropriate amount sufficient to dissolve the ca i c j ne d and then component (a) is added and then 

Group VIB metal compounds or the Group VIII metal drying ^ ^pining aga i n conducted, 
compounds. jh e fi rst step Q f the process according to the third 

It is preferred that an acid be added to the aqueous emDodiment G f the present invention comprises first 
solution or water at its preparation, or at the mixing of 50 ■ . ^ calcini]ng ^ effective component obtained 
the aqueous solution with the organic solvent mixture. mi . ( , ^ a] ko xide or a chelate com- 

As useful acids, there can be mentioned phosphoric Qf aluminum ^ m orgartic ^ ]vcnt ^pMc of 

acid, nitric ac,d, and hydrochloric dissolving the component (c), and (a) at least a com- 
phone acid being the mos preferred among them. By pound ofa Group VIB metal, or (b) at least a compound 
thus addmg an acid, the dissolution of the metal com- 55 *~ vill metal 

pounds into the aqueous solution may be accelerate^ or °ia^ P ■ Qf ^ 

the strength of the final catalyst composition may fur- wlc lua i» P a^^m. 
ther be increased. A trace amount thereof is sufficient P^ SS€S E t0 H now described, 
for such purposes, but it is preferred that the acid be - p r0 cess E 

added in an amount of from about 0.5 to about 5% by 60 

weight with respect to the alumina derived from com- A homogeneous solution comprising component (c 
ponent (c) (in terms of oxide). Acid added in excess and an organic solvent capable of dissoMng^mponent 
decreases activity, and makes the effect on improving (c) is obtained by mixing and stirring at about 20 to 
strength less noticeable. about 300* C. for about 10 minutes to about I hour. To 

For any of Processed A to D, drying and calcining is 65 the resulting homogeneous solution is then added an 
typically at the following conditions. aqueous solution of component (a), and the effective 

The effective component (the precipitate) is obtained component (the precipitate) resulting from the mixing is 
by mixing the organic solvent mixture and the aqueous dried, and calcined. 
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to the second embodiment of the present invention can 
Process F be used as well 

A homogeneous solution comprising component (c) The aqueous solution or water in each of the Pro- 
and an organic solvent capable of dissolving component cesses E to H preferably is gradually mixed with the 
(c) is obtained by mixing and stirring at about 20* to 5 organic solvent mixture, and more preferably, is 
about 300" C. for about 10 minutes to about 1 hour. To dropped for several ten minutes to several days at about 
the resulting homogeneous solution is then added an 20° to about 300° C, preferably about 50* to about 200* 
aqueous solution of component (b), and the effective c. If the mixing is instantaneous, the reaction would be 
component (the precipitate) resulting from the mixing is insufficiently effected so that the catalyst resulting 
dried, and calcined. 10 therefrom would be an unfavorable one in which the 

_ metal oxides are non-uniformly distributed. 

Process u The mixing is conducted in the temperature range of 

A mixture of components (c) and (a) is mixed with an f rom 8 bout 20* to about 300* C. t and preferably, in the 
organic solvent capable of dissolving those compo- range of from about 50° to about 200* C. 
nents, which is further mixed and stirred at about 20* to 15 i n tne Processes E and F, the amount of the aqueous 
about 300* C. for about 10 minutes to about 1 hour to solution added to the organic solvent is, as expressed in 
thereby obtain a homogeneous solution. To the result- terms of oxides with respect to the total catalyst, from 
ing solution is then added water, and the effective com- about 10 to about 60%, and preferably, from about 70 to 
ponent (the precipitate) resulting from this mixture is about by wc jght in the case of a Group VIB metal, 
dried, and calcined. 20 ^ froni about 3 to at)0ut 20%, preferably from about 

Process H 5 to about 18% by weight in the case of a Group VIII 

metal. The concentration of the aqueous solution may 
A mixture of components (c) and (b) is mixed with an ^ used at m appropr j ate amount sufficient to dissolve 
organic solvent capable of dissolving those compo- (he Group viB mcta i compounds or the Group VIII 
nents, which is further mixed and stirred at about 20° to 25 meUj compoundSi 

about 300° C. for about 10 minutes to about 1 hour to u {% prefcrrcd that an acid be added to the aqueous 
thereby obtain a homogeneous solution. To the result- ^lulion at its preparation or at the mixing of the aque- 
ing solution is then added water, and the effective com- ^ whh the organic solvent mixture. As the 

ponent resulting from this mixture is dried, and cal- addg for u&e thercinf there can ^ mcntioned phos . 
cined. 30 hofic add nitric acid ^ hydrochloric acid, with 

The components (a), <b), and (c), as well as the or- add ^ the most fcrrcd mxmg them . 

game solvent above may be the same as those used in ^ * Qf ^ ^ ^ mQmX of thc addi _ 

the process according to the second embodiment -of the ^ q{ ^ ^ ^ ^ mt ^ ^ describcd in the 
present invention. „ second embodiment of the present invention. 

In the Processes E to H as earlier ^^^ ^ 35 The effective component is obtained by mixing the 
game solvent is used in an appropriate imoum^eD ^ ^ ^ ^ qt 

to dissolve the component (c) Xht components c) and B ^ ^ ^ 

.y^Z^^tM comprises removing the solvent using a rotary evapora- 

cS53S « or O) and the organic solvent are tor under reduced 

mixed uVan ordinary manner, provided that a homoge- range of from about 50 to about 200 C. .and a method 

nous solution results from the stirring. In general, the 45 of simply filtering the mature with a paper filter to 

mixing is carried out at from about 20' to about 3CXT C, *P*r»te the effective component 
morelreferably, at from about 50' to about 200' C, for The dry gel which is dned in a.r dunng .bout 1 hour 

a duration of from about ten-and-several minutes to to about 1 week at ambient temperature, then , may be 

about 1 hour to obtain a homogeneous solution, as de- calcmedm the temperature rang of from about 200 to 

sired jq about 800 C. for a duration of from about 1 to about 24 

In Processes G and H, the mixing ratio of the compo- hours in air 

nent (a) and (b) is (a) about 3 to about 20 wt%, prefera- The second step according to the third embodiment 

bly about 5 to 18 wt%, and (b) about 10 to about 60 of the present invention comprises incorporating in the 

wt%, preferably about 20 to 50 wt% (in terms of ox- product obtained m the first step, an active metal com- 

ide(s). catalyst basis, and dry basis). 55 ponent which belongs to the Group other than that of 

In Processes E to H according to the present inven- the metal initially incorporated together with the corn- 
tion, to thc solution mixture thus prepared (simply re- po"™t (c) in the effective component; specifically, if a 
ferred to as an "organic solvent mixture" hereinafter) Group VIB metal is incorporated in the effective corn- 
comprising an organic solvent having dissolved therein ponent in step 1 , the metal to be carried on the effective 
component (c). there is further added at least one com- 60 component in step 2 is a Group VIII metal, and it a 
pound of a Group VIB metal, at least one compound of Group VIII metal is already incorporated in the etTec- 
a Group VIII metal, preferably an aqueous solution tive component in step 1, a Group VIB metal is to be 
(referred to as an "aqueous solution" hereinafter) con- carried on the effective component in step 2. In step 2, 
taming at least a compound of a Group VIII metal or at however, a metal belonging to the same Group as that 
least one compound of a Group VIB metal, or water. As 6S of the metal incorporated in step 1 may also be added, 
the aqueous solutions containing at least one compound so long as it is accompanied by a metal not belonging to 
of Group VIB metal and at least one compound of the same Group, i.e., accompanied by the Group VIB 
Group VIII metal, those used in the process according or Group VIII metal which has not yet been added. 
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The active metal components may be carried on the The characteristic features of the catalyst according 
resulting product from the first step in any manner as to the present invention are closely associated with the 
desired. An impregnating method, for example, may be novel catalyst structure which can only be realized by 
conducted by spray impregnation which comprises the production process according to the present inven- 
spraying onto the product obtained in step 1, a solution 5 tion. A typical conventional hydrodesulfurization cata- 
having dissolved therein the active metal component; lyst comprises a carrier made of an alumina or the like 
by immersing the product of step 1 into a relatively carrying thereon active metals. In such a structure, too 
large amount of the solution to be impregnated there- high an active metal content adversely reduces the 
into; or by multistep impregnation, which comprises specific surface area thereof. As a consequence,, the 
repeatedly bringing the product of step 1 into contact 10 active metal carried thereon was inevitably limited to a 
with the solution to be impregnated thereinto. certain amount. On the contrary, the catalyst according 

As the Group VIB metal for use in the second step, at t0 the present invention is based on a production pro- 
least one from chromium, molybdenum, and tungsten is cess which involves the novel idea that there is no con- 
used. Preferred among them are molybdenum and tung- ce p t 0 f a "carrier". The process according to the third 
sten, which may be used either singly or as a combina- 15 embodiment of the present invention does involve the 
tion thereof. concept of "carrying a part of the active metals" in the 

As the Group VIII metal for use in the second step, at second step thereof, but this, in the true sense, does not 
least one from iron, cobalt, nickel, palladium, ruthe- m ean carrying an active metal on a carrier without 
nium, rhodium, and the like may be used. Preferred activity. Presumably, the catalyst according to the prcs- 
among them are cobalt and nickel, which may be used 20 em mvent i on m %y have the structure of an uniform 
either singly or as a combination thereof composite comprising oxides of aluminum, a Group 

The amount of the active metals, in terms of oxides VIfi meXz \ f and a Group VIII metal at random, or, if not 
with respect to the total catalyst, is from about 10 to at comp i et ' e random, it may have the structure mainly 
about 60% by weight, preferably, from about 20 to compr ising alumina coordinated with active metal ox- 
about 50% by weight in the case of a Group VIB metal, 25 jdes in a comp i icatec j ma nner to increase activity, 
and from about 3 to about 20% by weight, preferably, The catalyst accor ding to the present invention com- 
from about 5 to about 18% by weight in the case of a . ^ $ of about ?3 tQ abom 1Qg ^ in mean diame . 
Group VIII metal. If the amount thereof is too low, the ^ Thg ^ when mo]ded mtQ a cylinder abou , 3t2 
effect of their addition cannot be fully exhibited; if the ^ abom ^ mm {n j h and about , 4 to aboul j 6 mm 
amount is too high on the contrary, the mechanical 30 fc a ^ d feulk den$ity of abom 

strength of the catalyst is adversely impaired. 0.80 g/ml and a dashing strength at the 

Once the product prepared in step 1 above carrying ^ ^ ^ M m (which CQm _ 

thereon the active metal components tan ^ which . not fafcrior 

the impregnating solution, next comes the steps of £ I ed to conventional hydrodesulfurization cata- 
washing it with water, drying, and calcining. 35 « """H J 

Drying is carried out in air, and the subsequent ^ cal- y« *■ { accordi t0 the 

1 to about 24 hours. If necessary, the resulting product v «tional catalysts or with refractory inorganic oxide 

may further be activated by a sulfurization treatment in 40 earners we II known in the art. 

the temperature range of from about 150* to about 700' . The hydrocarbon oil according to the P««^"ven- 

C, and then used in the HDP reaction. The sulfuriza- tion includes he light fraction obUined by topping or 

tion treatment includes, for example, gas sulfurization vacuum delation of crude oil, /^ d «J "J 

by H 2 S, liquid sulfurization by LGO, etc., and hydro- vacuum residue. I also includes coker gas ^I f .cnt 

gen. More specifically, the sulfurization is conducted by 45 deasphalted oil oil extracted from tar sand or oil shale, 

5%H 2 S and 95%H 2 about 150° to about 700' C. for 2 and product oil from the liquefaction of coal, 

hours under normal pressure. °« a commercial scale a desulfunzing appara us for 

The hydrodesulfurization catalyst according to the carrying out a catalytic hydrogenation treatment com- 
present invention for use in treating a hydrocarbon oil Pns« a proper reactor which is used as a fixed bed, a 
can be prepared by any of the processes earlier dis- 50 moving bed, or -aflutdued bed I for the wtalyst particles 
cussed. Tbe catalyst can carry a considerably higher To carry out the desulfunzation as desired, the object 
amount of active metals as compared with conventional oil charged to. the reactor is subjected to high tempera- 
catalysts, and yet maintain a high surface area (100 to ture and high pressure conditions under a considerably 
400mVg) and large pore volume (0.35 to 0.57cc/g). high partial pressure of hydrogen. In a r tv P^ <^ u * fu /- 

The catalyst according to the present invention 55 ization, the catalyst is maintained as a fixed bed, and the 

carries the active metals at an amount of, in terms of oil to be treated is allowed to pass over the bed. The 

oxides by weight with respect to the total catalyst, from catalyst may be charged m a single reactor, or may be 

about 10 to about 60%, preferably, from abou; 15 to distributed in two or more continuous reactors. When 

about 55%, and more preferably, from about 20 to the starting oil is a heavy oil, it is strongly preferred that 

about 50% of at least one Group VIB metal, and from 60 a multistage reactor be used. The catalytic reaction is 

about 3 to about 20%, and preferably, from about 5 to preferably carried out in a temperature range of about 

about 18% of at least one Group VIII metal. If the 200° to about 500° C f more preferably in a range of 

amount is too low, in sufficient effects are to be ex- from about 250* to about 400' C; at a liquid hourly 

pected; if the amount is to high, not .only will the cata- space velocity in a range of about 0.05 to about 5.0 

lyst strength be reduced, but also the effect of improv- 65 hr-l, more preferably, in a range of from 0.1 to 4.0 

ing strength becomes less noticeable. If the amount of hr- >; under a hydrogen pressure in a range of about 30 

the alumina is too low, dispersion of the active metal to about 200 kg/cm 2 G, and more preferably, in a range 

becomes insufficient. of from about 40 to about 150 kg/cm 2 G. 
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The catalyst according to the present invention can acetylacetonate was stirred at 80* C. for an hour in an 
be prepared by a relatively simple process, and yet, the Erlenmeyer flask. Separately, 51.679 g (0.04182 mol) of 
specific desulfurizing activity thereof as obtained from ammonium para-molybdate was dissolved in 280 g of 
the rate constant calculated under a constant reaction ion exchanged water by vigorously stirring at about 80 
condition is considerably high as compared with those 5 C The resulting aqueous solution was added dropwise 
of conventional catalysts. More specifically, for exam- to the iso-propanol solution prepared above while stir- 
ple, in the case of a light gas oil (containing 1.3% by ring, and there was observed the precipitation of a pur- 
weight of sulfur), the sulfur content of the product oil ple-colored gelatin-like product. With further stirring, a 
subjected to treatment with the catalyst according to slightly purple-colored milky white slurry was ^ ob- 
the present invention was reduced to a very low level of 10 tained. The slurry was stirred for 3 more hours at 80 C. 
0.07% by weight, as compared with that of 0.15% by The slurry was charged in a flask, and was subjected to 
weight, at best, of a product oil produced via a conven- reduced pressure at 100* C. for 30 minutes using a ro- 
tional process. Similarly, VGO (containing 2.5% by tary evaporator to remove the solvent. A dry gel was 
weight of sulfur) was reduced in sulfur content to as obtained as a result, which was molded with an extruder 
low 0.08% by weight as compared with the conven- 15 into a bar 1,6 mm (1/16 inch) in diameter. The molding 
tional 0.15% by weight; and a heavy oil (containing was heat treated in a muffle furnace at 500* C. for 3 
3.8% by weight of sulfur) was reduced in sulfur content hours to obtain a metal oxide composite (Catalyst B) of 
to 0.7% by weight as compared with the conventional CoO(15%)-MoO3(45%>Al 2 O3(40%). 
0.9% by weight. Those were achieved quite easily with- EXAMPLE 3 

out subjecting the oil to severe conditions. Thus, it can 20 

be seen that the activity of the catalyst is highly stable . A metal oxide composite (Catalyst C) of CoO(15%)- 
with the passage of time. Since there is no need to carry Mo0 3 (45%)-Al0 3 (40%) was obtained in the same man- 
out extended operation under severe conditions, the ner as in Example 2 above, except for using 150.0 g 
catalyst according to the present invention is of great (0.7344 mol) of aluminum i-propoxide in place of 180.9 
economical advantage. Furthermore, the use of the 25 g of aluminum sec-butoxide. 
catalyst according to the present invention provides EXAMPLE 4 

fuel oil considerably reduced in sulfur content, which, ~, A . M -* 
in turn, avoids air pollution. A metal oxide composite (Catalyst D) of CoO(15%)- 

The present invention is now illustrated in further MoO 3 (45%)-Al2O3(40%) was obtained in the same 
detail by referring to the following Examples and Com- 30 manner as in Example 2 above, except for using 95.493 
parative Examples, but it should be understood that the g (0.29278 mol) of molybdenum oxide acetylacetonate 
present invention is not to be construed as being limited and 4.547 g (0.041 82 mol) of cobalt nitrate hexahydrate, 
thereto. In the following, Examples 1 to 12 are related in place of 54.972 g (0.1543 mol) of cobalt(II) acetylac- 
to the catalyst and the process for producing the cata- etonate and 51.679 g (0.04182 mol) of ammonium para- 
lyst according to the first and the second embodiments 35 molybdate, respectively, 
of the present invention, and Examples. 13 to 19 are EXAMPLE 5 

related to those according to the first and the third ^j\<of\ 
embodiments of the present invention. The adjustment A.metal oxide composite (Catalyst E) of CoO(15%)- 
of the catalysts were conducted under atmospheric MoO 3 (45%)-Al 2 O 3 (40%) was obtained in the same 
pressure. Unless otherwise indicated, all the percents 40 manner as in Example 2 above, except for using 20.034 
and parts in the following are by weight. g (0. 1 54 mol) of cobalt(I) chloride in place of 54.972 g 



EXAMPLE 1 



(0.1543 mol) of cobalt acetylacetonate. 

EXAMPLE 6 



A solution comprising 2000 cc of sec-butanol having 
dissolved therein 180.9 g (0.7344 mol) of aluminum 45 A metal oxide composite (Catalyst F) of CoO(l 5%)- 
sec-butoxide and 54.972 g (0.1543 mol) of cobalt(II) MoO 3 (45%>SiO 2 (20%)-Al2O 3 (20%) was obtained in 
acetylacetonate was stirred at 80* C. for an hour in an the same manner as in Example 2 above, except for 
Erlenmeyer flask. Separately, 51.679 g (0.04182 mol) of using 90.45 g (0.3672 mol) of aluminum sec-butoxide 
ammonium para-molybdate was dissolved in 280 g of together with 64.930 g (0.31167 mol) of tetraethoxysi- 
ion exchanged water by vigorously stirring at about 80' 50 lane in place of 180.9 g of aluminum sec-butoxide. 
C. for 5 minutes. The resulting aqueous solution was EXAMPLE 7 

added dropwise to the sec-butanol solution prepared 

above while stirring, and there was observed the precip- A metal oxide composite (Catalyst G) of CoO(15%)- 
itation of a purple-colored gelatin-like product. With Mo03(45%>Si0 2 (5%)-Al203(35%) was obtained in 
further stirring, a slightly purple-colored milky white 55 the same manner as in Example 2 above, except for 
slurry was obtained. Further, the slurry was stirred for using 158.288 g (0.6426 mol) of aluminum sec-butoxide 
3 more hours at 80' C. The slurry after separation by together with 16.232 g (0.07791 mol) of tetraethoxysi- 
filtration was heated to obtain a dry gel, which was lane in place of 180.9 g of aluminum sec-butoxide. 
molded with an extruder into a bar 1.6 mm (1/16 inch) EXAMPLE 8 

in diameter. The molding was heat treated in a muffle 60 

furnace (air oven) at 500* C. for 4 hours to obtain a A solution comprising 2000 cc of iso-propanol having 
metal oxide composite (Catalyst A) of CoO(15%)- dissolved therein 180.9 g (0.7344 mol) of aluminum 
MoO 3 (45%)-AhO3(40%). sec-butoxide was maintained at 80* C. in an Erlenmeyer 

flask. Separately, 54.399 g (0.04402 mol) of ammonium 
EXAMPLE 2 65 para-molybdate and 54.547 g (0.1874 mol) of cobalt 

A solution comprising 2000 cc of iso-propanol having nitrate were dissolved in 280 g of ion exchanged water 
dissolved therein 180.9 g (0.7344 mol) of aluminum by vigorously stirring at about 80" C. The resulting 
sec-butoxide and 54.972 g (0.1543 mol) of cobalt(H) aqueous solution was added dropwise while stirring, 
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along with 3.202 g of phosphoric acid (85% concentra- EXAMPLE 14 

tion) to the iso-propano) solution prepared above and Preparation of the catalyst 

there was observed the precipitation of a purple-col- 
ored gelatin-like product. With further stirring, a A solution comprising 2000 cc of iso propanol having 
slightly purple-colored milky white slurry was ob- 5 dissolved therein 180.9 g (0.7344 mol) of aluminum 
tained. Subsequent operations were carried out in the sec-butoxide was stirred at 80° C. for one hour in an 
same manner as in Example 2 to finally obtain a metal Erlenmeyer flask. Separately, 40.2937 g (0.13845 mol) 
oxide composite (Catalyst H) of CoO(15%)- of cobalt nitrate hexahydrate was dissolved in 280 g of 
Mo0 3 (45%)-P 2 05(2%)-AI 2 03(38%). ^ n exchanged water by vigorously stirring with neat- 

10 ing at about 80° C. The resulting aqueous solution was 
EXAMPLE 9 dropwise added while stirring to the iso-propano] solu- 

A metal oxide composite (Catalyst !) of CoO(15%)- tion prepared above and the formation of a slightly 
Mo03(45%)-Ti0 2 (5%)-Ai 2 03(35%) was obtained in purple-colored milky white slurry was observed. The 
the same manner as in Example 7 above, except for slurry was stirred for 3 more hours at 80 C. The slurry 
using 16.653 g (0.05859 mol) of titanium isopropoxide in 15 after separation by filtration was heated for condensa- 
place of 16.232 g of tetraethoxysilane. tion to obtain a dry gel, which was molded with an 

extruder into a bar 1/16 inch m diameter. The molding 
EXAMPLE 10 was heat treated in a muffle furnace at 500° C. for 4 

A metal oxide composite (Catalyst J) of CoO(15%)- hours. 
Mo03(45%)-Zr0 2 (5%)-Al 2 0 3 (35%) was obtained in 20 The heat treated mo^ 

the same manner as in Example 7 above, except for ous solution prepared by dissolving 2^060 g (0.2028 
using 12.431 g (0.03799 mol) of zirconium n-propoxide mol) of ammonium para-molybdate in 60 ml of ion ex- 

in place of 16.232 g of tetraethoxysilane. chan S ed water t0 ther ^y obx *™ a moldm * 

r thereon molybdenum. The molding was air dried, and 

EXAMPLE 1 1 25 further calcined at 500* C. for 10 hours to obtain a metal 

A metal oxide composite (Catalyst K) of CoO(10%> oxide composite (Catalyst N) of CoO(15%)- 

MoO 3 (40%)-Al 2 O3(50%) was obtained in the same MoO 3 (30%)-A 2 0 3 (55%), having a specific surface 

manner as in Example 2 above, except for reducing the area of 210 mVg and a specific pore volume of 0.48 

amount of cobalt(II) acetyl acetonate from 54.972 g to 3Q cc/ 8- 

29.40 g (0.0825 mol), and the amount of ammonium EXAMPLE 15 

paramolybdate from 51.679 g to 36.70 g (0.0297 mol). Preparation of the Catalyst 

EXAMPLE 12 A mcta] Qxjde composite (Catalyst O) of CoO(15%)- 

A metal oxide composite (Catalyst L) of CoO(10%)- 35 MoO3(45%)-Al2O3(40%) having a specific surface area 
Mo03(53%)-Al20 3 (37%) was obtained in the same of225mVg and a specific pore volume of 0.50 cc/g was 
manner as in Example 2 above, except for reducing the obtained in the same manner as in Example 13 above, 
amount of cobalt(II) acetylacetonate from 54.972 g to except for using 150.0 g (0.7344 mol) of aluminum i- 
39.60 g (0.1120 mol) while increasing the amount of propoxide in place of 180.9 g (0.7344 mol) of aluminum 
ammonium para-molybdate from 51.679 g to 65.80 g sec-butoxide. 
(0.0532 mol), and using 2,000 cc of sec-butanol in place EXAMPLE 16 

of i-propanol. 

Preparation of the catalyst 
EXAMPLE 13 A metaI oxide composite (Catalyst P) of CoO(15%)- 

, t . « MoO3(45%)-SiO2(20%)-AhO3(20%) having a specific 
A solution comprising 2000 cc of iso-propanol having sur f ace area of 168 mVg and a specific pore volume of 
dissolved therein 180.9 g (0.7344 mol) of aluminum q. 52 cc/g was obtamed in the same manner as in Exam- 
sec-butoxide was stirred at 80' C. for one hour in an le ^ abovC) cxcept for 90.45 g (0.3672 mol) of 
Erlenmeyer flask. Separately, 51.679 g (0.04182 mol) of aluminum sec-butoxide together with 64.930 g (0.31167 
ammonium para-molybdate was dissolved in 280 g of 50 mo j) of tetraethoxysilane in place of 180.9 g (0.7344 
ion exchanged water by vigorously stirring with heat- mol ) of aluminum sec-butoxide. 
ing. The resulting aqueous solution was dropwise added 

while stirring to the iso-propanol solution prepared EXAMPLE 17 

above and there was observed the formation of a milky Preparation of the catalyst 

white slurry. The slurry was stirred for 3 more hours at 55 . ™ ,<«^nn^\ 

80- C The slurry after separation by filtration was *™}?™*^^^^ 

heated for condensation to obtain a dry gel, which was MW 3 (45*)-TOS%^203(35W) h.v^ a specific 
molded with an extruder into a bar 1.6 mm (1/16 inch) ^ ace f ea of 205 m*/g and a specific pore volume of 
. .. ... v * a • ™*n» 0.40 cc/e was obtained in the same manner as in Exam- 

in diameter. The molding was heat treated in a muffle , ~ , t • i« «o rt /n^ii 

<■ ♦ «™» n r~ a {L„~ ^ pie 13 above, except for using 158.288 g (0.642611 mol) 

furnace at 500 C for 4 hours. 60 P, ^to^de together with 16.653 g 

The heat treated molding was immersed in an aque- (0.058585 mol) of titanium isopropoxide, in place of 
ous solution prepared by dissolving 54.547 g (0.1874 jgo.9 g of (0.7344 mol) of aluminum sec-butoxide. 
mol) of cobalt nitrate hexahydrate in 60 ml of ion ex- 
changed water, to thereby obtain a molding carrying EXAMPLE 18 
thereon cobalt. The molding was air dried, and further 5 . . 
calcined at 500' C. for 10 hours to obtain a metal oxide Preparation of the catalyst 
composite (Catalyst M) of CoO(15%)-Mo03(45%)- A metal oxide composite (Catalyst R) of CoO( 15%)- 
AhO3(40%), having a specific surface area of 240 m 2 /g MoO3(30%)-ZrO2(5%)-Al2O3(50%) having a specific 
and a specific pore volume of 0.513 cc/g. surface area of 200 mVg and a specific pore volume of 
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0.39 cc/g was obtained in the same manner as in Exam- 
ple 14 above, except for using 12.431 g (0.03798 mol) of 
zirconium n-propoxide together with 158.288 g 
(0.642611 mol) of aluminum sec-butoxide, in place of 
180.9 g of (0.7344 mol) of aluminum sec-butoxide. 

EXAMPLE 19 

Preparation of the catalyst 

A metal oxide composite (Catalyst S) of CoO(15%)- 
MoO3(45%)-Al2O3(40%) having a specific surface area 
of 238 m 2 /g and a specific pore volume of 0.52 cc/g was 
obtained in the same manner as in Example 1 3 above, 
except for using 90.45 g (0.0372 mol) of aluminum sec- 
butoxide together with 100.72 g (0.3672 mol) of alumi- 
num ethylacetoacetatediisopropylate, in place of 180.9 
g of aluminum sec-butoxide. 

COMPARATIVE EXAMPLE 1 

In an eggplant-shaped flask there was prepared a 
solution by dissolving 4.7 g of ammonium molybdate in 
14.5 ml of ion exchange-d water, and to the resulting 
solution was immersed 20 g of an alumina carrier (sub- 
stantially comprising y-Ah03) having a specific pore 
volume of 0.7123 ml/g and a specific surface area of 336 
mVg. After immersion for a duration of 1 hour, the 
carrier was withdrawn from the solution, air dried, and 
calcined at 500* C. for 10 hours in a muffle furnace. The 
carrier was then immersed in an aqueous solution con- 
taining 5 g of cobalt nitrate dissolved in 14.5 ml of ion 
exchanged water to thereby obtain a carrier carrying 
cobalt- The cobalt-carrying carrier was air dried and 
calcined at 500° C. for 10 hours to obtain a catalyst of 
CoO(5%)-MoO 3 (15%)-Al2O3(80%) (Catalyst T) hav- 
ing a specific surface area of 266 mVg and a specific 
pore volume of 0.5478 cc/g. 

COMPARATIVE EXAMPLE 2 

A metal oxide composite (Catalyst U) of CoO(2%)- 
Mo03(5%)-Ah03(93%) was obtained in the same man- 
ner as in Example 2 above, except for reducing the 40 
amount of cobalt(II) acetylacetonate from 54.972 g . 
(0.1543 mol) to 3, 150 g (0.00884 mol) and that of ammo- 
nium paramolybdate from 51.679 g (0.04182 mol) to 
2.47 g (0.00199 mol). 

COMPARATIVE EXAMPLE 3 

A metal oxide composite (Catalyst V) of CoO(25%> 
Mo03(75%) was obtained in the same manner as in 
Example 2 above, except for increasing the amount of 



20 



25 



ter. The molding was heat treated in a muffle furnace at 
500 s C. for 4 hours. 

The heat treated molding was immersed into an aque- 
ous solution prepared by dissolving 3.13 g (0.01076 mol) 
of cobalt nitrate hexahydrate in 25 ml of ion exchanged 
water to thereby obtain a molding carrying thereon 
cobalt. The molding was air dried, and further calcined 
at 500° C. for 10 hours to obtain a metal oxide composite 
(Catalyst W) of CoO(2%)-Mo03(5%)-Ah0 3 (93%). 

COMPARATIVE EXAMPLE 5 

An attempt was made to prepare a catalyst carrying 
10% of cobalt and 35% molybdenum (in terms of ox- 
ides) with respect to the total catalyst by a conventional 
impregnation method. First, an attempt was made to 
dissolve ammonium para molybdate in water taken 
equi volume with the specific pore volume, 0.7123 ml/g 
(specific surface area: 336 mVg), but it remained insolu- 
ble despite heating or the addition of ammonia. The 
same operation was repeated for cobalt nitrate, which 
gave the same result. Accordingly, it can be seen that a 
catalyst prepared by conventional processes is not capa- 
ble of carrying a large amount of active metals. 

Each of the catalysts A to W prepared in Examples 1 
to 19 and Comparative Examples 1 to 4 was used to 
hydrodesulfurize hydrocarbon oil under the following 
operating conditions, and each of the catalysts was 
evaluated according to the methods as follows. 



30 



35 



45 



Hydrodesulfurization of Gas Oil 

Raw material: LGO (Specific gravity (15/4° 
C.):0.851; Sulfur con-tent: 1.35%; Nitrogen content: 20 
ppm; Viscosity (at 30 B C): 5.499 cSt.) 

Reaction conditions: Temperature: 350* C; Hydro- 
gen Pressure: 35 kg/cm 2 ; Liquid hourly space velocity: 
4 hr~ ! ; Apparatus: Fixed-bed type high pressure flow 
reactor; Catalyst: Catalysts A, B, C, E, H, I, J, M, N, O, 
S, T, U, V, and W. 

Evaluation method: Sulfur content of the product oil 
after operating the reaction under the above conditions 
for 100 hours or for 60 days was analyzed. The results 
are given in Tables 2 and 5. Furthermore, the FIG. 
presents changes in residual sulfur with the passage of 
time for Catalysts A, B, C, and T. 

Hydrodesulfurization of VGO 
Raw material: VGO (Specific gravity (15/4* C): 
0.916; Sulfur content: 2.53%; Nitrogen 



content: 780 



cobah(Il) acetylacrfonate from 54972 g (0. 1543 tnol) to 50 ^^^L^ltl 



55 



109.9 g (0.3748 mol) and that of ammonium p-molyb- 
date from 51.679 g (0.04182 mol) to 103.4 g (0.08367 
mol), while not using aluminum sec-butoxide. 

COMPARATIVE EXAMPLE 4 
A solution comprising 2000 cc of isc-propanol having 
dissolved therein 180.9 g (0.7344 mol) of aluminum 
sec-butoxide was stirred at 80* C. for one hour in an 
Erlcnmeyer flask. Separately, 2.47 g (0.001998 mol) of 
ammonium para-molybdate was dissolved in 280 g of 60 Tables 3 and 6. 



Reaction conditions: Temperature: 350* C; Hydro- 
gen Pressure: 52 kg/cm 2 ; Liquid hourly space velocity: 
0.4 hr-1; 

Apparatus: Fixed-bed type high pressure flow reac- 
tor; Catalyst: Catalysts A, B, Q E, F, H, I, J, P, Q, T, U, 
V,andW. 

Evaluation method: Sulfur content of the product oil 
after operating the reaction under the above conditions 
for 100 hours was analyzed. The results are given in 



ion exchanged water by vigorously stirring while heat- 
ing. The resulting aqueous solution was dropwise added 
while stirring to the iso-propanol solution prepared 
above and the formation of a milky white slurry was 
observed; The slurry was stirred for 3 more hours at 80* 65 
C. The slurry after separation by filtration was heated 
for condensation to obtain a dry gel, which was molded 
with an extruder into a bar 1 .6 mm (1/16 inch) in diame- 



Hydrodesulfuriration of Heavy Oil 

Raw material: Topped crude obtained from a crude 
oil from Kuwait (Specific gravity (15/4' C): 0.956; 
Sulfur content: 3.77%; Asphaltene content: 3.9%; Va- 
nadium content: 48 ppm; Nickel content: 14ppm) 

Reaction conditions: Temperature: 361* C; Hydro- 
gen Pressure: 150 kg/cm 2 ; Hydrogen Ay drocarbon oil 
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ratio: 830 NmV Kl; Hydrogen concentration: 90 mol%; 
Liquid hourly space velocity: 3.0 hr _! ; Apparatus: 
Fixed-bed type high pressure flow reactor; Catalyst: 
Catalysts A, B, C, D, J, K, L, M, R, T, U, and V. 

Evaluation method: Sulfur content of the product oil 
after operating the reaction under the above conditions 



for 100 hours was analyzed. The results are given in 
Tables 4 and 7. 

While the invention has been described in detail and 
with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modifications can be made therein without depart- 
ing from the spirit and scope thereof. 

TABLE 1 



Catalyst Composition 



Starting Materia! 1 * 



Specific Specific 
Surface Pore 

Area Volume 

(wt %) (rnVg) (cc/g) Catalyst 



Ex. I Aluminum sec-butoxide 
Cobalt acctylacetate 

Ex. 2 Aluminum sec-butoxide 
Cobalt acctylacetate 

Ex. 3 Aluminum i-propoxide 
Cobalt acetylacetonate 

Ex. 4 Aluminum sec-butoxide 
Molybdenumoxide acetyl- 
acetonate 

Ex. 5 Aluminum sec-butoxide 
Cobalt chJoride 

Ex. 6 Aluminum sec-butoxide 
Tetraethoxysilane 
Co bait acetylacetonate 

Ex. 7 Aluminum sec-butoxide 
Tetraethoxysilane 
Cobalt acetylacetonate 

Ex. 8 Aluminum sec-butoxide 



Ex. 9 Aluminum sec-buio.xide 
Titanium isopropoxide 
Cobalt acetylacetonate 

Ex. 10 Aluminum sec-butoxide 
Zirconium n-propoxide 
Cobalt acetylacetonate 

Ex. 1 1 Aluminum sec-butoxide 
Cobalt acetylacetonate 

Ex. 12 Aluminum sec-butoxide 
Cobalt acetylacetonate 



(180.9 g) sec-Butanol 

(55.0) (2000 cc) 

(180.9) i-Propanol 

(55.0) (2000 cc) 



Ammonium p- 
molybdatc (51.7) 



(150.0) 
(55.0) 

(180.9) 
(95.5) 

(180.9) 
(20.0) 

(90.5) 
(64.9) 
(55.0) 

(158.3) 
(16.2) 
(55.0) 

(180.9) 



(158.0) 
(16.7) 
(55) 

(158.0) 
(12.4) 
(55.0) 

(180.9) 
(29.4) 

(180.9) 
(39.6) 



Cobalt nitrate 
(55.0) 

Ammonium p- 
molybdate (51.7) 



sec-Butanol 
(2000 cc) 



Comp. Conventional preparation by immersion process 
Ex. 1 



Comp. Aluminum sec-butoxide 

Ex. 2 Cobalt acetylacetonate 

Comp. Aluminum sec-butoxide 

Ex. 3 Cobalt acetylacetonate 



(1E0.9) i-propanol 

(3.15) (2000 cc) 

• (0) t 
(109.9) 



Ammonium p- 
moiybdaie (54.40) 
Cobalt 

nitrate (54.55) 
Prophoric acid 
(3.20) 

Ammonium p- 
molybdate (51.7) 



Ammonium p- 
molybdate (36.7) 

Ammonium p- 
molybdate (65.8) 



Ammonium p- 
molybdate (2.47) 

Ammonium p- 
molybdate (103,4) 



CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

Si0 2 

A1203 

CoO 

M0O3 

Si0 2 

AI2O3 

CoO 

M0O3 

P2O5 

AI2O3 



CoO 

M0O3 

Ti0 2 

AI2O3 

CoO 

M0O3 

Zr0 2 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 

CoO 

M0O3 

AI2O3 



(15) 
(45) 
(40) 
(15) 
(45) 
(40) 
(15) 
(45) 
(40) 
(15) 
(45) 
(40) 
(15) 
(45) 
(40) 
05) 
(45) 
(20) 
(20) 
(15) 
(45) 

(5) 
(35) 
(15) 
(45) 

(2) 
(38) 



(15) - 
(45) 

(5) 
(35) 
(15) 
(45) 

(5) 
(35) 
(10) 
(40) 
(50) 
(10) 
(53) 
(37) 

(5) 
(15) 
(80) 

(2) 

(5) 
(93) 
(25) 
(75) 

(0) 



237 



242 



218 



133 



100 



157 



188 



225 



213 



205 



245 



213 



266 



284 



0.5 

0.51 

0.49 

0.36 

0.60 

0.51 

0.50 



0.39 



0.42 



0.42 



0.48 



0.55 



0.72 



C 
D 
E 
F 



Catalyst Composition 



Specific Specific 



Starting Material 



Surface 
Area 



Pore 
Volume 



Ex. 13 Aluminum sec-butoxide 
i-Propanol 

Ex. 14 Aluminum sec-butoxide 
i-Propanol 

Ex. 15 Aluminum iso-propoxidc 
i-Propanol 



: Step 




Second Step 


(wt 


%) 


(mVg) 


(cc/g) 


(180.9) 


Ammonium p- 


Cobalt nitrate 


CoO 


(15) 


240 


• 0.513 


(2000 cc) 


molybdate 


(54.547) 


M0O3 


(45) 








(51.679) 




AI2O3 


(40) 




0.48 


(180.9) 


Cobalt nitrate 


Ammonium p- 


CoO 


(15) 


210 


(2000 cc) 


(40.2937) 


molybdate 


M0O3 


(30) 










(25.060) 


AI2O3 


(55) 






(150.0) 


Ammonium p- 


Cobalt nitrate 


CoO 


05) 


225 


0.50 


(2000 cc) 


molybdate 


(54.547) 


M0O3 


(45) 








(51.679) 




AI2O3 


(40) 







Catalyst 



M 
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TABLE 1 -continued 



fcX. 10 


Aluminum sec-buloxide 


(on i<\ 


/vmiiiuiii u ill y>* 


Cobalt nitrate 


CoO 


(15) 


168 


0.52 


P 




Tctraethoxy silane 


\0*,f I ) 






M0O3 


(45) 










i~Propanol 


(2000 cc) 


(51.679) 




S1O2 


(20) 
















AI2O3 


(20) 








Ex. 17 


• 

Aluminum sec -but oxide 


(15B.3) 


Ammonium p- 


r*>k alt nitrate 


CoO 


(15) 


205 


0.40 


Q 




Titanium isopropoxide 




molybdsie 


Mil 


M0O3 


(45) 










i-Propanol 


(2000 cc) 


(51.679) 




T1O2 


(5) 
















AI2O3 


(35) 




0.39 




Ex. 18 


Aluminum see-but oxide 


(158.3) 


Cobalt nitrate 


Ammonium p- 


CoO 


(15) 


200 


R 




Zirconium n-propoxide 


(12.43) 


(40.2937) 


molybdate 


M0O3 


(30) 










i-Propanol 


(2000 cc) 




(25.060) 


Zr0 2 


(5) 
















AI2O3 


(50) 




0.52 




Ex. 19 


Aluminum sec-butoxide 


(90.45) 


Ammonium p- 


Cobalt nitrate 


CoO 


(15) 


238 


S 




Aluminum ethylaceto- 


(100.7) 


molybdate 


(54.547) 


M0O3 


(45) 










diisopropylate 




(51.679) 




AI2O3 


(40) 










i-Propanol 


(2000 cc) 




Cobalt nitrate 


CoO 


(2) 






W 


Comp. 


Aluminum sec-butoxide 


(180.9) 


Ammonium p- 






Ex.4 


i-Propanol 


(2000 cc) 


molybdate 


(3-13) 


M0O3 


(5) 












(2.47) 




AI2O3 


(93) 









'>Tbe amouni (fiven in the paremhnis) of the starting material* are only lound figure*, and given in grams unless otherwise suied. The following properties are 
Examples 1 through 19 and for Comparative Examples 1 through 3. 

Average pore diameter: 73 to 108 A; Compacted bulk density: 0.76 10 0.W g/ml: Length of cylinder: 3.2 to 3.6 mm Diameter of cylinder: 1.4 to 1.6 mm; and 
strength of the side wall: 1.1 to 1.4 kg/mm (2.4 to 3.1 lbs/mm). 



TABLE 2 



Test No. 1 ) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Catalyst. 


A 


B 


C 


E 


H 


1 


J 


T 


V 


V 


Sulfur Content (wt %) 


0.07 


0.07 


0.08 


0.09 


0.09 


0.09 


0.09 


0.13 


0.28 


0.22 


Desulfurization 


94.8 


94.8 


94.1 


93.3 


93.3 


93.3 


93.3 


90.4 


79.2 


B3.7 


Rate (%) 























Values for Nos. 1 to 3 and 8 are taken after 60 days of operation, and the rest are taken after an operation 
duxttion of 100 hours. 



TABLE 3 



Test No. 1 ) 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


Catalyst 


A 


B 


C 


E 


F 


H 


1 


J 


T 


U 


V 


Sulfur Content (wi % 


) 0.03 


0.0B 


0.09 


0.11 


0.10 


0.10 


0.10 


0.10 


0.15 


0.18 


0.27 


Desulfurization 


96.8 


96.8 


96.4 


95.7 


96.0 


96.0 


96.0 


96.0 


94.1 


92.9 


89.3 


Rate (%) 

























TABLE 4 



Test No. 1 ) 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


Catalyst 


A 


B 


C 


D 


J 


K 


L 


T 


U 


V 


Sulfur Content (wt %) 


0.67 


0.67 


0.71 


0.81 


0.76 


0.71 


0.76 


0.93 


1.44 


1.07 


Desulfurization . 


82.2 


82.2 


81.1 


78.5 


79.8 


81.1 


79.8 


75.3 


61.8 


71.6 


Rate (%) 























TABLE 5 



Test No. 1 ) 


32 33 34 


35 


36 37 


Catalyst 


M N O 


S 


T W 


Sulfur Content (wt %) 


0.08 0.09 0.08 


0.07 


0.13 0.27 


TABLE 6 


Test No. 1 ) 


38 39 


40 


41 


Catalyst 


P Q 


T 


W 


Sulfur Content (wt %) 


0.09 0.10 


0.15 


0.18 


TABLE 7 


Test No. 1 ) 


42 


43 


44 


Catalyst 


M 


R 


T 


Sulfur Content (wt %) 


0.71 


0.78 


0.93 



What is claimed is: 

1. A process for producing a catalyst composition for 
the hydrodesulfurization of a hydrocarbon oil compris- 
ing a composite of a metal oxide containing aluminum 



and at least one metal belonging to Group VI B of the 
Periodic Table or at least one metal belonging to Group 
VIII of the Periodic Table, which comprises: 
drying and thereafter calcining an effective compo- 
nent, obtained by mixing in essentially an organic 
solvent (c) an aluminum alkoxide, a chelate com- 
pound of aluminum or a mixture thereof, with 
at least one selected from the group consisting of 

(a) at least one compound of a metal belonging to 
Group VIB of the Periodic Table, and 

(b) at least one compound of a metal belonging to 
Group VIII of the Periodic Table. 

2. A process for producing a catalyst composition for 
the hydrodesulfurization of a hydrocarbon oil compris- 
ing a composite of a metal oxide containing aluminum, 
at least one metal belonging to Group VIB of the Peri- 
odic Table, and at least one metal belonging to Group 
VIII of the Periodic Table, which comprises: 

drying and thereafter calcining an effective compo- 
nent obtained by mixing in essentially an organic 



60 
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solvent (c) an aluminum alkoxide, a chelate com- 
pound of aluminum or a mixture thereof, with 

(a) at least one compound of a metal belonging to 
Group V1B of the Periodic Table, and 

(b) at least one compound of a metal belonging to 5 
Group VIII of the Periodic Table. 

3. A process for producing a catalyst composition for 
the hydrodesulfurization of a hydrocarbon oil compris- 
ing a composite of a metal oxide containing aluminum, 
at least one metal belonging to Group VIB of the Peri- 10 
odic Table, and at least one metal belonging to Group 
VIII of the Periodic Table, which comprises: 

a) mixing (a) at least one compound of a metal belong- 
ing to Group VIB of the Periodic Table with a 
solution of (c) an aluminum alkoxide or a chelate 15 
compound of aluminum and essentially an organic 
solvent capable of dissolving them; 

b) drying and calcining an effective component re- 
sulting from step a); and 

c) adding to the product obtained in step b), (b) at 20 
least one compound of a metal belonging to Group 
VIII of the Periodic Table, followed by drying and 
calcining the resulting product. 

4. A process for producing a catalyst composition for 
the hydrodesulfurization of a hydrocarbon oil compris- 25 
ing a composite of a metal oxide containing aluminum, 
at least one metal belonging to Group VIB of the Peri- 
odic Table, and at least one metal belonging to the 
Group VIII of the Periodic Table, which comprises: 

a) mixing (b) at least one compound of a metal be- 30 
longing to Group VIII of the Periodic Table with 
a solution mixture of (c) an aluminum alkoxide or a 
chelate compound of aluminum and essentially an 
organic solvent capable of dissolving them, 

b) drying and calcining an effective component re- 35 
suiting from step a); and 

c) adding to the product in step (b), (a) at least one 
compound of a metal belonging to Group VIB of 
the Periodic Table, followed by drying and calcin- 
ing the resulting product. 40 

5. A catalyst composition for the hydrodesulfuriza- 
tion of a hydrocarbon oil produced by the process of 
claim 1, comprising a composite of metal oxides com- 
prising aluminum; and 

at least one metal selected from a group consisting of 45 

(A) at least one metal belonging to Group VIB of 
the Periodic Table; and 

(B) at least one metal belonging to Group VIII of 
the Periodic Table; 

wherein the at least one metal belonging to Group 50 
VIB of the Periodic Table accounts for, in terms of 
oxide, from 10 to 60% by weight with respect to 
the total catalyst, and wherein the at least one 
metal belonging to Group VIII of the Periodic 
Table accounts for, in terms of oxide, from 3 to 55 
20% by weight with respect to the total catalyst. 

6. The catalyst composition for the hydrodesulfuriza- 
tion of a hydrocarbon oil as claimed in claim 5, wherein 
the at least one metal belonging to Group VIB of the 
Periodic Table accounts for, in terms of oxide, from 15 60 
to 55% by weight with respect to the total catalyst. 

7. The catalyst composition for the hydrodesulfuriza- 
tion of a hydrocarbon oil as claimed in claim 5, wherein 
the at least one metal belonging to the Group VIII of 
the Periodic Table accounts for, in terms of oxide, from 65 
5 to 185 by weight with respect to the total catalyst. 

8. The catalyst composition for the hydrodesulfuriza- 
tion of a hydrocarbon oil as claimed in claim 5, wherein 



24 

the hydrocarbon oil is a light fraction obtained by top- 
ping or vacuum distillation of crude oil, a topping resi- 
due, a vacuum residue, a coker gas oil, a solvent deas- 
phalted oil, an oil extracted from tar sand or oil shale, 
and a product oil from the liquefaction of coal. 

9. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1 or 2, wherein the process further 
comprises: 

a) mixing and stirring for a predetermined duration, a 
mixture of (c) an aluminum alkoxide or a chelate 
compound of aluminum, (b) at least one compound 
of a metal belonging to Group VIII of the Periodic 
Table, and essentially an organic solvent capable of 
dissolving those components, to thereby obtain a 
homogeneous solution; 

b) adding an aqueous solution containing (a) at least 
one compound of a metal belonging to Group VIB 
of the Periodic Table to the resulting solution; and 

c) drying and calcining an effective component re- 
sulting from step b). 

10. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1 or 2, wherein the process further 
comprises: 

a) mixing and stirring a mixture of (c) an aluminum 
alkoxide or a chelate compound of aluminum, (a) at 
least one compound of a metal belonging to Group 
VIB of the Periodic Table, and essentially an or- 
ganic solvent capable of dissolving those compo- 
nents, to thereby obtain a homogeneous solution; 

b) adding an aqueous solution containing (b) at least 
one compound of a metal belonging to Group VIII 
of the Periodic Table to the resulting solution; and 

c) drying and calcining an effective component re- 
sulting from step b). 

11. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1 or 2, wherein the process further 
comprises: 

a) dissolving (c) an aluminum alkoxide or a chelate 
compound of aluminum in essentially an organic 
solvent capable of dissolving the component; 

b) adding an aqueous solution containing (a) at least 
one compound of a metal belonging to Group VIB 
of the Periodic Table and (b) at least one com- 
pound of a metal belonging to Group VIII of the 
Periodic Table to the resulting solution; and 

c) drying and calcining an effective component re- 
sulting from step b). 

12. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1 or 2, wherein the process further 
comprises: 

a) mixing an stirring a mixture of (c) an aluminum 
alkoxide or a chelate compound of aluminum, (a) at 
least one compound of a metal belonging to Group 
VIB of the Periodic Table, (b) at least one com- 
pound of a metal belonging to Group VIII of the 
Periodic Table, and essentially an organic solvent 
capable of dissolving those components, to thereby 
obtain a homogeneous solution; 

b) adding water to the resulting solution; and 

c) drying and calcining an effective component re- 
sulting from step b). 

13. A catalyst composition for the hydrodesulfuriza- 
tion of a hydrocarbon oil produced by the process of 
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claim 3, comprising a composite of metal oxides com- 
prising aluminum; and 
at least one metal selected from a group consisting of 

(A) at least one metal belonging to Group VIB of 
the Periodic Table; and 

(B) at least one metal belonging to Group VIII of 
the Periodic Table; 

#wherein the at least one metal belonging to Group 
VIB of the Periodic Table accounts for, in terms of 
oxide, from 10 to 60% by weight with respect to 
the total catalyst, and wherein the at least one 
metal belonging to Group VIII of the Periodic 
Table accounts for, in terms of oxide, from 3 to 
20% by weight with respect to the total catalyst. 
14. A catalyst composition for the hydrodesulfuriza- 
tion of a hydrocarbon oil produced by the process of 
claim 4, comprising a composite of metal oxides com- 
prising aluminum; and 

at least one metal selected from a group consisting of 

(A) at least one metal belonging to Group VIB of 
the Periodic Table; and 

(B) at least one metal belonging to Group VIB of 
the Periodic Table accounts for, in terms of ox- 
ide, from 10 to 60% by weight with respect to 
the total catalyst, and wherein the at least one 
metal belonging to Group VIII of the Periodic 
Table accounts for, in terms of oxide, from 3 to 
20% by weight with respect to the total catalyst. 



10 



15 



20 
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as a partial substitute of the aluminum alkoxide or the 
chelate compound of aluminum. 

18. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1, 2, 3 or 4, wherein, the aluminum 
alkoxide is aluminum methoxide, aluminum ethoxide, 
aluminum isopropoxide, aluminum n-butoxide, or alu- 
minum sec-butoxide. 

19. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1, 1, 3, or 4, wherein, the chelate com- 
pound of aluminum is aluminum (ethyl-acetoacetate) 
di-(iso-propylate), aluminum acetoaceUtediburtoxide, 
aluminum tris(acetylacetonare), or aluminum bis(ethyl- 
acetoacetate) mono-(acetylacetonate). 

20. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1, 2, 3 or 4, wherein, the essentially an 
organic solvent capable of dissolving the aluminum 
alkoxide or the chelate compound of aluminum and the 
compounds of metals belonging to Group VIB or to 
Group VIII of the Periodic Table, is an alcohol, an 
ether, a ketone, or an aromatic group compound. 

21. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1, 2, 3 or 4, wherein, the essentially an 
organic solvent capable of dissolving the aluminum 
alkoxide or the chelate compound of aluminum and the 
at least one compound of metals belonging to Group 



15. The process for producing a catalyst composition 3Q VIfi Qr iQ Q roup vill of the Periodic Table is acetone, 



for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 3, wherein the step a) further com- 
prises: 

a) mixing and stirring a mixture of (c) and aluminum 
alkoxide or a chelate compound of aluminum, (a) at 35 
least one compound of a metal belonging to Group 
VIB of the Periodic Table, and essentially an or- 
ganic solvent capable of dissolving those compo- 
nents, to thereby obtain a homogeneous solution; 

b) adding water to the resulting solution; 40 
drying and calcining an effective component result- 
ing from step b); and 

c) adding to the product obtained in step b) at least 
one compound belonging to Group VIII of the 
Periodic Table, followed by drying and calcining 45 
the resulting product, 

16. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 4, wherein, the step a) further com- 



prises: 
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a) mixing and stirring a mixture of (c) an aluminum 
alkoxide or a chelate compound of aluminum, (b) at 
least one compound of a metal belonging to Group 
VIII of the Periodic Table, and essentially an or- 
ganic solvent capable of dissolving those compo- 
nents, to thereby obtain a homogeneous solution; 

b) adding water to the resulting solution; 
drying and calcining an effective component result- 
ing from step b); and 

c) adding to the product obtained in step b) at least 
one compound belonging to Group VIB of the 
Periodic Table, followed by drying and calcining 
the resulting product. 

17. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 65 
claimed in claim 1, 2, 3, or 4 wherein, at least one of an 
alkoxide or chelate compound of silicon, titanium, zir- 
conium, boron, gallium, magnesium, or hafnium is used 



55 



60 



methanol, ethanol, n-propanol, iso-propanol, n-butanol, 
iso-butanol, hexanol, benzene, toluene, xylene, diethyl 
ether, tetrahydrofuran, or dioxane, which may be used 
either singly or as a mixture thereof. 

22. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1, 2, 3 or 4, wherein, the compounds of 
at least one metal belonging to Group VIB of the Peri- 
odic Table and the compound of at least one metal 
belonging to Group VIII of the Periodic Table are 
nitrates, chlorides, sulfates, acetates, acetylacetonates, 
or ammonium salts of the metal acids thereof. 

23. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 1, 2, 3 or 4, wherein, 

the aqueous solution of the at least one compound of 
a metal belonging to Group VIB of the Periodic 
Table is obtained by dissolving, ammonium para- 
molybdate, ammonium bichromate, or ammonium 
para tun9state, into deionized water, and the aque- 
ous solution of the compound of the at least one 
metal belonging to Group VIII of the Periodic 
Table is obtained by dissolving, cobalt nitrate bexa- 
hydrate, cobalt chloride hexahydrate, nickel nitrate 
hexahydrate, or nickel chloride hexahydrate, into 
deionized water. 

24. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 9, wherein the mixed solution com- 
prises from about $0 to about 98% by weight (in terms 
of oxides) of the aluminum alkoxide or the chelate com- 
pound of aluminum and from about 50 to about 2%by 
weight (in terms of oxides) of the at least one compound 
of a metal belonging to Group VIII of the Periodic 
Table. 

25. The process for producing a catalyst composition 
for the hydrodesulfurization of a hydrocarbon oil as 
claimed in claim 10, wherein the mixed solution com- 
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prises from about 32 to about 96% by weight in terms of 
oxides) of the aluminum alkoxide or the chelate com- 
pound of aluminum and from about 68 to about 4% by 
weight (in terms of oxides) of the at least one compound ^ 
of a metal belonging to Group VIB of the Periodic 
Table. 

26. A catalyst composition for the hydrodesulfuriza- 
tion of a hydrocarbon oil produced by the process of 
claim 2, comprising a composite of metal oxides com- io 
prising aluminum; and 

at least one metal selected from a group consisting of 
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(A) at least one metal belonging to Group VIB of 
the Periodic Table; and 

(B) at least one metal belonging to Group VIII of 
the Periodic Table; 

wherein the at least one metal belonging to Group 
VIB of the Periodic Table accounts for, in terms of 
oxide, from 10 to 60% by weight with respect to 
the total catalyst, and wherein the at least one 
metal belonging to Group III of the Periodic Table 
accounts for, in terms of oxide, from 3 to 20% by 
weight with respect to the total catalyst. 
• • * * » 
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